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(g) Gas leak detection system. 

(57) A gas leak detection system (1) comprises a 
flow sensor (5') for detecting the amount of gas 
flowing through a gas flow passage (2), a flow 
signal generator (8) for producing a flow signal 
representing the quantity of gas flow detected 
by the flow sensor (5'), a pressure sensor (4) 
installed in the gas flow passage (2) at a point 
upstream of the flow sensor (5') for detecting 
the gas pressure in the gas flow passage (2), a 
pressure signal generator (6) for producing a 
pressure signal representing fluctuations in the 
pressure detected by the pressure sensor (4) 
and computing means (7) electrically connec- 
ted with the flow signal generator (8) and the 
pressure signal generator (6). When it is found 
that no flow signal is being produced, the press- 
ure fluctuation is compared with a prescribed 
pressure fluctuation range and a leak signal is 
produced when the pressure fluctuation value 
falls within the prescribed range. 
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This invention relates to a gas leak detection sys- 
tem for detecting leakage of gas from a gas supply 
path at points upstream of a gas meter. 

Recent years have seen a rise in the number of 
gas explosions occurring as a result of gas leaking s 
from gas supply pipes. Underground gas pipes are apt 
to develop leaks owing to corrosion of the pipes, 
cracking as a result of uneven ground settlement and 
other causes. The risk of leakage is particularly high 
at hospitals, schools and the like, where gas is fre- 10 
quently supplied to the point of use from a remote stor- 
age facility through an underground pipe. 

The method most commonly used for detecting 
leaks in such a gas supply path requires the instal- 
lation of a pressure sensor in the gas supply path 15 
beforehand and involves periodic inspections con- 
ducted at regular intervals ~ annually or biennially, for 
example. The inspection is conducted by closing both 
ends of the supply path, raising the pressure inside 
the path to a prescribed level of, say 850 mm H 2 0, and 20 
monitoring for pressure decrease, which, if found, 
indicates a leak. 

Another method used is to continuously monitor 
the gas flow in the gas supply pipe using a flow meter. 
The detection of an abnormally large gas flow, i.e. a 25 
gas flow greater than the maximum expectable during 
ordinary gas consumption, indicates that a leak has 
occurred. 

The former method involving periodic inspections 
is not generally capable of detecting leaks at an early 30 
stage because, for example, a leak arising shortly 
after the completion of one inspection will not be dis- 
covered until the next. If this should happen, or if a 
leak present at the time of inspection was too small to 
detect, a dangerously large amount of gas is apt to 35 
accumulate before the time of the next inspection. In 
addition, there is also a danger of the amount of leak- 
age increasing with the passage of time owing to pro- 
gressive corrosion of the pipe. In either case the risk 
of an explosion increases. 40 

The latter method using a flow sensor to monitor 
the flow of gas through the pipe has a shortcoming in 
that the flow meter does not respond to leaks occur- 
ring upstream of the position at which it is installed. 
Though able to detect downstream leaks, it cannot 45 
detect those occurring upstream of the flow meter. 

As already mentioned, at hospitals, schools and 
the like, the gas storage facility is frequently located 
far from the gas using equipment and the two sites are 
connected by an underground gas pipe. In such so 
cases, the flow sensor is generally installed at the gas 
using end, either in a gas meter or on a wall of the 
building in which the gas using equipment is located. 
Since the flow meter is unable to detect a flow change 
limited to an upstream region of the gas supply path, 55 
there is a high possibility of it being impossible to 
detect a leak occurring in the underground gas pipe. 

An object of this invention is to provide a gas leak 



detection system capable of simply and reliably 
detecting leakage of gas from the gas supply path at 
points upstream of a gas meter. 

For achieving this object, the present invention 
provides a gas leak detection system comprising a 
flow sensor for detecting the amount of gas flowing 
through a gas flow passage to be monitored for leak- 
age, a flow signal generator for producing a flow sig- 
nal representing the quantity of gas flow detected by 
the flow sensor, a pressure sensor installed in the gas 
flow passage at a point upstream of the flow sensor 
for detecting the gas pressure in the gas flow pas- 
sage, a pressure signal generator for producing a 
pressure signal representing fluctuations in the press- 
ure detected by the pressure sensor and computing 
means electrically connected with the flow signal 
generator and the pressure signal generator, the com- 
puting means having a flow signal discrimination 
means for discriminating whether or not a flow signal 
is being produced by the flow signal generator, a 
pressure signal discrimination means for discriminat- 
ing fluctuation in the pressure signal from the press- 
ure signal generator, and a leak discrimination means 
which in response to a discrimination by the flow sig- 
nal discrimination means that no flow signal is being 
produced compares the pressure fluctuation discrimi- 
nated by the pressure signal discrimination means 
with a prescribed pressure fluctuation range and pro- 
duces a leak signal when the pressure fluctuation 
value falls within the prescribed range. 

The flow sensor monitors the gas flow in the gas 
flow passage and when it detects gas flow, the flow 
signal generator sends a flow signal to the computing 
means. The pressure sensor monitors the pressure 
fluctuation in the gas flow passage upstream of the 
gas meter and when it detects a pressure fluctuation, 
the pressure signal generator sends a pressure signal 
to the computing means. 

The computing means discriminates whether or 
not a flow signal is being produced by the flow signal 
discrimination means and the pressure signal dis- 
crimination means discriminates the fluctuation in the 
pressure signal. 

When the flow signal discrimination means dis- 
criminates that no flow signal is being produced, the 
leak discrimination means compares the pressure 
fluctuation discriminated by the pressure signal dis- 
crimination means with a prescribed pressure fluctu- 
ation range and if it finds that the pressure fluctuation 
value falls within the prescribed range, it produces a 
leak signal. 

As explained in the foregoing, in the present 
invention the gas flow passage and the gas pressure 
are independently detected and a gas leak signal is 
produced when the pressure fluctuation value falls 
within the prescribed range irrespective of the fact that 
no gas flow signal is being produced. With this 
arrangement, gas leaks can be detected immediately 
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and reliably, with substantially no possibility of a mis- 
operation. 

The above and other features of the present 
invention will become apparent from the following 
description made with reference to the drawings. 5 

Figure 1 is a block diagram of the gas leak detec- 
tion system of the present invention. 

Figure 2 is a block diagram of a microcomputer 
constituting the computing means of the gas leak 
detection system of Figure 1. 10 

Figure 3 is a sectional view of an example of a gas 
regulator. 

Figure 4 is a schematic view of a gas supply sys- 
tem using a single gas cylinder. 

Figure 5 is a schematic view of a gas supply sys- 15 
tern using two gas cylinders. 

Figure 6 is a schematic view of a gas supply sys- 
tem for supplying gas to two use points. 

Figure 7 is a graph showing the measured fluctu- 
ation in gas pipe pressure over one day in a gas sup- 20 
ply system using a single gas cylinder, and also 
showing the fluctuation in outdoor temperature for the 
same day. 

Figure 8 is a graph showing the measured fluctu- 
ation in gas pipe pressure over one day in a gas sup- 25 
ply system using a single gas cylinder. 

Figure 9 is a graph showing the measured fluctu- 
ation in gas pipe pressure over one day in each gas 
supply path of a gas supply system serving a plurality 
of use points, separately for the case of using a single 30 
gas cylinder and of using a plurality of gas cylinders. 

Figure 10 is a flow chart of the procedure used for 
discriminating gas leaks in the present invention. 

Figure 1 is a block diagram of an embodiment of 
the gas leak detection system according to the inven- 35 
tion. 

This gas leak detection system, designated gen- 
erally by reference numeral 1, includes a pressure 
sensor 4 installed upstream of a gas meter 5 near the 
downstream end of a gas flow passage 2. It is gener- 40 
ally preferable for the pressure sensor 4 to be installed 
near the gas meter 5. A shut-off valve 3 is installed in 
the vicinity the pressure sensor 4. The pressure sen- 
sor 4 is electrically connected via a pressure signal 
generator 6 with a microcomputer 7 serving as an 45 
computing means. The gas meter 5 is normally instal- 
led near the gas using equipment and is equipped 
with a flow sensor 5' for detecting the amount of gas 
flowing through the gas flow passage 2. The gas 
meter 5, specifically its flow sensor 5', is electrically 50 
connected with the microcomputer 7 via a gas flow 
signal generator 8. The microcomputer 7 is also elec- 
trically connected with a display 9 for displaying warn- 
ings and/or information concerning system problems 
and with the shut-off valve 3 for shutting-off the 55 
upstream side of the gas flow passage 2. The shut-off 
valve 3 is electrically connected with a restoration 
safety device 1 1 for restoring it to its initial state after 



it has once operated and the safety of the gas supply 
system has been confirmed. The system also has a 
power supply 10 for supplying electric power to the 
system components. 

As shown in the example configuration of Figure 
2, the microcomputer 7 has a flow signal discriminator 
13 for discriminating whether or not a flow signal is 
being produced by the gas flow signal generator 8, a 
pressure signal discriminator 14 for discriminating 
fluctuation of the pressure signal from the pressure 
signal generator 6, a leak discriminator 1 5 for produc- 
ing a leak signal when it finds that the pressure fluc- 
tuation value falls within the prescribed range, a 
memory 1 6 for storing, inter alia, the result of the dis- 
crimination by the pressure signal discriminator 14, a 
first timer 17 for setting the processing start time and 
a second timer 18 for setting the length of the moni- 
toring period. 

The pressure signal generator 6 amplifies the sig- 
nal received from the pressure sensor 4, filters the 
result to extract only the effective signal component 
therefrom, shapes the waveform of the extracted 
component with a waveform shaper, converts the 
result into a pulse signal and outputs the pulse signal 
as a pressure fluctuation signal. 

The gas flow signal generator 8 produces one 
pulse for each revolution of the flow meter of the gas 
meter 5 and thus serves to convert the mechanical 
motion of the flow meter into an electric signal. Speci- 
fically, in the case where the gas flow signal generator 
8 is used in conjunction with a diaphragm type gas 
meter, it is constituted of a diaphragm which is recip- 
rocated by the gas flow, a magnet linked with the diap- 
hragm so as to be rotated by the reciprocating motion 
thereof, and a reed switch which detects the rotation 
of the magnet and is repeatedly turned on and off 
thereby. As the magnet rotates at a speed pro- 
portional to the gas flow, the reed switch turns on and 
off at a rate proportional to the rotation. Thus for each 
reciprocation of the diaphragm, i.e. for each revolution 
of the magnet, the gas flow signal generator 8 pro- 
duces one flow signal pulse. 

A pressure regulator 12 is provided in the gas flow 
passage 2 at a point between the gas supply source 
(not shown) and the gas leak detection system 1 for 
maintaining the pressure of the gas in the gas flow 
passage 2 constant. In the case of liquid propane (LP) 
gas supplied from cylinders, for example, the press- 
ure inside the cylinder is required to be between 0.7 
and 15.6 Kg/cm 2 (in Japan), and for the gas to bum 
property in a gas appliance this has to be adjusted to 
a gas pressure of 200 - 300 mm H 2 0. The pressure 
regulator 12 is therefore connected with the outlet of 
the gas cylinder for regulating the pressure in the gas 
flow passage 2. 

An example of such a pressure regulator is illus- 
trated in Figure 3. This is a single stage pressure regu- 
lator having a casing 19 divided by a diaphragm 20 
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into an air chamber 21 above and a pressure reduc- 
tion chamber 22 below. A nozzle 24 having an inlet 23 
and an nozzle orifice 25 is attached to the inlet side 
of the pressure reduction chamber 22 and a valve rod 
27 having a valve member 26 is disposed to face the 5 
nozzle orifice 25. The valve rod 27 is connected 
through a lever 28 with an operating member 29 
attached to the diaphragm 20. The diaphragm 20 is 
energized downward, i.e. in the direction of the press- 
ure reduction chamber 22, by a spring disposed in the 10 
air chamber 21. 

High-pressure gas entering the inlet 23 passes 
through the nozzle 24 into the pressure reduction 
chamber 22. As the pressure in the pressure reduc- 
tion chamber 22 increases owing to the gas inflow, the 1 5 
diaphragm 20 is pushed up toward the air chamber 21 
side against the force of the spring 30. As a result, the 
operating member 29 attached to the diaphragm 20 
rises, causing the lever 28 connected with the operat- 
ing member 29 to rotate around a shaft, which in turn 20 
causes the valve rod 27 to move toward the inlet 23 
side. The nozzle orifice 25 of the nozzle 24 is thus 
throttled (or completely closed if the pressure is par- 
ticularly high) by the valve member 26. On the other 
hand, the pressure in the pressure reduction chamber 25 
22 falls as the gas therein flows out through the outlet 
32 so that the diaphragm 20 is pressed down toward 
the pressure reduction chamber 22 side by the force 
of the spring 30. This causes the lever 28 connected 
with the operating member 29 to rotate about the shaft 30 
31 in the direction causing the valve rod 27 to move 
toward the outlet 32 side and, therefore, the valve 
member 26 moves away from the nozzle orifice 25 of 
the nozzle 24 and the inflow of high-pressure gas 
increases. 35 

Thus the rising and falling of the diaphragm 20 
with fluctuation of the pressure in the pressure reduc- 
tion chamber 22 adjusts the amount of gas entering 
from the nozzle 24 such that the pressure of the gas 
flowing into the gas flow passage 2 is maintained 40 
approximately constant. The pressure in the gas flow 
passage 2 therefore remains substantially the same 
when gas is flowing out of it, either to operate a gas 
appliance in the normal manner or owing to a gas 
leak. 45 

When gas is not flowing in the gas flow passage 
2, however, the pressure of the gas in the pipe (the 
pipe pressure) varies with the outdoor temperature 
(more precisely with the gas temperature which varies 
with the outdoor temperature). Specifically, a 1 °C $0 
change in the gas temperature causes a 37 mm H 2 0 
change in the gas pressure. This is because the gas 
expands and contracts as the outdoor temperature 
rises and falls. The fluctuation in pipe pressure is par- 
ticularly pronounced during the daytime if even a part 55 
of the pipe is exposed to sunlight 

On most days the temperature will vary by at least 
10 °C. Say, for example, that the regulated pressure 



of the gas is 280 mm H 2 0 on a morning when the out- 
door temperature is 5 °C. Then if the temperature 
rises to 15 °C during the day, the gas pressure will 
become about 650 mm H 2 0 (280 + 37 x 10). 

Figures 4 to 9 show examples of the fluctuation 
in pipe pressure with change in outdoor temperature 
measured in tests conducted by the inventor. 

The tests were conducted on gas supply systems 
using a single gas cylinder (Figure 4), using two gas 
cylinders (Figure 5), and using four gas cylinders and 
serving two use points (Figure 6). 

As shown in Figure 4, the gas flow passage 38 of 
the gas supply system using a single gas cylinder 
extended between a gas cylinder 33 and a gas burner 
36 and was installed with a pressure regulator 12, a 
meter valve 34, a gas meter 5 and a cock 35 in the 
order mentioned. A pressure sensor 4 was connected 
with the gas flow passage 38 at a point between the 
meter valve 34 and the gas meter 5 and its output was 
sent to a recorder 37. 

The gas supply system using two gas cylinders 
shown in Figure 5 was the same as the single cylinder 
system of Figure 4 except for the number of cylinders. 
As illustrated, a single pressure regulator 1 2 was used 
for both cylinders. 

As shown in Figure 6, in the gas supply system 
serving two use points the four cylinders were con- 
nected with a single pressure regulator 12, down- 
stream of which the supply system branched into two 
gas flow passages 38 each installed with a meter 
valve 34, a gas meter 5 and a cock 35 connected with 
a gas burner 36. A pressure sensor 4 was connected 
with one of the gas flow passages 38 at a point be- 
tween the meter valve 34 and the gas meter 5 and its 
output was sent to the recorder 37. 

in each of the gas supply systems, the length of 
the gas flow passage between the gas meter 5 and 
the cock 35 was about 10m (inner pipe diameter: 1 6.7 
mm) and about 5 m of this length was laid so that the 
sun would hit it The pressure regulator 12 was adjus- 
ted so that the gas pressure in the gas flow passage 
would be about 280 mm H 2 0. (Pressures below -200 
mm H 2 0 could not be measured.) 

Figure 7 shows the pressure fluctuation in the gas 
flow passage of the single cylinder system over a one- 
day period in a no gas supply state in which the valve 
of the gas cylinder 33 and the gas burner 36 were 
closed and the meter valve 34 and the cock 35 were 
open. In this graph, the curve T indicates outdoor tem- 
perature and the curve Pi the gas pressure in the gas 
flow passage. 

From this graph it can be seen that the gas press- 
ure in the flow path began to fall sharply together with 
the start of the decline in temperature from around 4 
pm, and then began to rise sharply with the rise in tem- 
perature from around 6 am. It will also be noted that 
a difference of about 10 °C between the day's 
maximum and minimum temperatures produced a 
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pressure fluctuation of over 600 mm H 2 O t which is in 
good agreement with the calculation done earlier. 

In the graph of Figure 8, which also relates to the 
single cylinder gas supply system, the curve P 2 shows 
the fluctuation in gas pressure in the gas flow passage 5 
38 in the case where the valve of the gas cylinder 33, 
the meter valve 34 and the cock 35 were open and the 
only the cock of the gas burner 36 was closed, curve 
P 3 shows the gas pressure fluctuation in the case 
where the valve of the gas cylinder 33 and the meter 10 
valve 34 were open and the cock 35 and the cock of 
the gas burner 36 were closed, and curve P 4 shows 
the gas pressure fluctuation in the case where the 
cock of the gas cylinder 33, the meter valve 34, the 
cock 35 and the cock of the gas burner 36 were all 1 5 
closed. Although the foregoing tests were conducted 
on different days, ail were made in the same season. 

As can be seen from this graph, in the case where 
only the cock of the gas burner was closed and the 
case where the meter valve 34 and the cock 35 were 20 
also closed, the gas pressure in the gas flow passage 
stayed at around 280 mm H 2 0 from sundown to 
around 6 am, whereafter it rose until around 8 am and 
then substantially leveled off until around 1 pm, from 
when it fell until returning to about 2800 H 2 0 at around 25 
6 pm. In the case where only the cock 35 and the cock 
of the burner were closed, on the other hand, the pipe 
pressure stayed at about 280 mm H 2 0 until around 9 
am, rose between 9 am and 11 am, fluctuated slightly 
while maintaining a fairly constant pressure until 30 
about 2 pm and then fell until returning to 280 mm H 2 0 
at about 6 pm. 

Figure 9 is a graph showing the fluctuation in the 
pressure in the gas flow passage over the course of 
one day in the case of the single cylinder gas supply 35 
system (P 5 ), the two-cylinder gas supply system (P 6 ) 
and the two-user gas supply system (P 7 ), in the case 
where the cock(s) of the gas cylinders) 33, the meter 
valve(s) 34 and the cock(s) 35 were open and the 
cock(s) of the gas burner(s) 36 was (were) closed. In 40 
each system, the pressure in the gas flow passage 38 
stayed at around 300 mm H 2 0 through the night, rose 
between about 6 am and about 8 am, stayed 
approximately constant between about 8 am and 1 pm 
and then fell from about 1 pm until returning to around 45 
300 mm H 2 0 at about 6 pm. 

This graph shows that when there is no gas flow 
in the gas flow passage of a gas supply system, the 
gas pressure in the gas flow passage rises and falls 
with changes in the outdoor temperature (gas tern- so 
perature) in a pattern that includes a sharp rise from 
around 6 am (sunrise) to around 8 am. 

The process for discriminating gas leaks accord- 
ing to the invention will now be explained with refer- 
ence to the flow chart of Figure 10. 55 

The procedure begins at the time (e.g. 6 am) set 
in the first timer 17 of the microcomputer 7 as the 
monitoring start time. 



The flow signal discriminator 13 then discrimi- 
nates whether or not a flow signal is being produced 
and if the flow Q is 0, the pressure signal discriminator 
14 monitors the fluctuation in the pressure signal over 
the time period set in the second timer 18 (e.g. over 
2 hours starting from 6 am). The two-hour period be- 
tween 6 and 8 am is chosen as the leak discrimination 
period because this is the period during which the 
pressure in the gas flow passage rises most markedly 
with the rise in outdoor temperature, as was ascer- 
tained through the tests described earlier. 

The leak discriminator 15 then discriminates 
whether or not the pressure fluctuation over the 
course of the monitoring period is within a prescribed 
range of, say, 50 mm H 2 0 or less. If the fluctuation 
exceeds the 50 mm H 2 0 range, it can be assumed 
that gas is not leaking from the system and the forego- 
ing discrimination procedures are repeated on the fol- 
lowing day. On the other hand, if the fluctuation is not 
greater than 50 mm H 2 O t since this means there is a 
possibility of a leak, the data stored in the memory 16 
regarding the result of previous discriminations is 
checked as to whether there have been seven con- 
secutive discriminations in which the pressure fluctu- 
ation was found to be not greater than 50 mm H 2 0. 

If it is found that there have been less than seven 
consecutive such discriminations, the results are con- 
sidered to be within the range of measurement error. 
It is therefore decided that no gas leak has occurred 
and the foregoing discrimination procedures are 
repeated on the following day. 

On the other hand, if it is found that the number 
of consecutive such discriminations is seven, it is 
judged that a gas leak has occurred and a leak signal 
is sent to the display 9 for displaying a message to this 
effect At the same time, a signal is sent to the shut-off 
valve 3 for stopping the flow of gas. 

The reason forjudging that a gas leak has occur- 
red only after it has been found that the pressure fluc- 
tuation does not exceed 50 mm H 2 0 in seven 
consecutive discriminations (on seven consecutive 
days) is that the pattern of outdoor temperature 
change varies depending on the weather. Specifi- 
cally, since the range of outdoor temperature fluctu- 
ation is less on cloudy and rainy days than on sunny 
days, the range of gas pressure fluctuation is also 
smaller. The gas leak detection system according to 
this embodiment therefore maintains the pressure 
fluctuations over the past week in memory and when 
it is found that the pressure fluctuation failed to 
exceed 50 mm H 2 0 on seven consecutive days, dis- 
plays a leak message and operates the shut-off valve 
to stop the gas flow. 

It will be understood that the start time and dura- 
tion of the discrimination procedures are not limited to 
that of the foregoing embodiment but can and should 
be adjusted for the locality, season and the like. 
Moreover the number of discrimination results stored 
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to memory and used as the basis forjudging whether 
or not a leak has occurred does not necessarily have 
to be seven. It is alternatively possible to arrange the 
system to judge leak occurrence on the basis of a 
smaller number of discriminations (even on the basis 5 
of a single discrimination) or on the basis of eight or 
more discriminations. 

As will be understood from the foregoing descrip- 
tion, the gas leak detection system according to the 
invention is provided with the flow sensor and the 10 
pressure sensor installed upstream of the flow sen- 
sor. When the flow signal discrimination means of the 
computing means determines that no flow signal is 
being produced, the leak discrimination means com- 
pares the pressure fluctuation discriminated by the 15 
pressure signal discrimination means with a pres- 
cribed pressure fluctuation value and if it finds that the 
pressure fluctuation value falls within the prescribed 
range, it produces a leak signal. 

Therefore even when used in conjunction with a 20 
gas supply system at a hospital, school or the like in 
which the site of the gas storage facility is far from the 
site of the gas using equipment and the two sites are 
connected by an underground pipe and, moreover, 
the flow sensor is built into the gas meter at the gas 25 
using end or is fixed on a wall at the gas using end, 
the gas leak detection system according to the inven- 
tion can reliably detect gas leaks occurring in the 
underground pipe and at other points upstream of the 
flow sensor. 30 

Moreover, since the system according to the 
invention facilitates the judgment as to whether or not 
a leak has occurred, it enables early discovery of gas 
leaks and, as such, contributes to the prevention of 
major accidents. 35 



tuation in the pressure signal from the pressure 
signal generator (6), and a leak discrimination 
means (15) which in response to a discrimination 
by the flow signal discrimination means (13) that 
no flow signal is being produced compares the 
pressure fluctuation discriminated by the press- 
ure signal discrimination means (14) with a pres- 
cribed pressure fluctuation range and produces a 
leak signal when the pressure fluctuation value 
falls within the prescribed range. 

2. A gas leak detection system according to claim 1 
further comprising a shut-off valve (3) installed in 
the gas flow passage (2) between the flow sensor 
(5') and the pressure sensor (4), the shut-off valve 
(3) being responsive to the leak signal for shutting 
off the gas flow passage (2). 

3. A gas leak detection system according to claim 1 
further comprising a display (9) responsive to the 
leak signal for displaying an abnormal state mes- 
sage. 



Claims 



1 . A gas leak detection system (1 ) comprising a flow 40 
sensor (5') for detecting the amount of gas flowing 
through a gas flow passage (2), a flow signal 
generator (8) for producing a flow signal repre- 
senting the quantity of gas flow detected by the 
flow sensor (5'), a pressure sensor (4) installed in 45 
the gas flow passage (2) at a point upstream of 
the flow sensor (5') for detecting the gas pressure 
in the gas flow passage (2), a pressure signal 
generator (6) for producing a pressure signal rep- 
resenting fluctuations in the pressure detected by so 
the pressure sensor (4) and computing means (7) 
electrically connected with the flow signal 
generator (8) and the pressure signal generator 
(6), the computing means (7) having a flow signal 
discrimination means (13) for discriminating 55 
whether or not a flow signal is being produced by 
the flow signal generator (8), a pressure signal 
discrimination means (14) for discriminating fluc- 
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